With the purpose of comparing the ruminal degradation models, proposed by Waldo et al. (1972) and Mertens and Loften (1980) , the data of in situ degradability were employed. The experiment evaluated the potentially degradable residue of neutral detergent fiber (NDF) of grass Tifton 85 (Cynodon spp) submitted to twelve cutting ages (30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330 and 360 days), in a randomized block design with three replicates. At each cutting age, NDF degradation was investigated by utilizing nine incubation times (0, 3, 6, 12, 24, 48, 72, 96 and 120 hours). The analysis was done by taking into account a strip experiment and the factors studied were cutting ages and the incubation times of the grass. Each plot comprised a non-lactating cow, with a permanent ruminal fistula. The quality of the fit of each model was evaluated by the respective fitted determination coefficients, test for 'lack of fit' and also the variances of the estimators of the parameters, by proposing expressions for estimate of the confidence interval for the parameters of the models. The results showed a better fit of the model by Waldo et al. (1972) to the data of neutral detergent fiber of grass Tifton 85. Keywords: degradability model, fit quality, non-linear regression, colonization time.
Introduction
Information on quantitative knowledge of the factors which control the digestive processes have directed the investigation in the field of Ruminant Nutrition, aiming to reach the best performances for the herds, thus the handling of the diets has focused as a way to increase animal production.
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the ideal would be a method which would be able to estimate with a reasonable accuracy in vivo digestibility, without the need of conducting a conventional trial, since it is extremely tiring and limited in its use, when there is a need for fast responses.
The in situ degradability technique has been adopted by the AFRC (1992) as a standard method of characterization of the ruminal degradability of nitrogen, being able to be utilized to report the characteristic degradation of dietary fibers (Aerts et al., 1977; Navaratree, Ibrahin and Shiere, 1990 ) and protein (Crawford et al., 1978; Stern e Satter, 1984; Poos-Floyd, Klopfenstein and Britton, 1985) . The use of this technique has the advantage to provide a fast and simple estimate of nutrient degradation in the rumen, in addition to enabling the accompanying of this over time (Mehrez e Orskov, 1977) .
Evaluating a possible relationship between a dependent variable and an independent variable is a common task in statistic analyses and may be done through regression models, which according to Draper and Smith (1998) , can be linear, linearizable and non-linear. The studies of growth of animal and plants, as well as the nutrient degradation studies over time are reported by non-linear, presenting some difficulties in the process of estimating parameters.
The models developed to report the digestive events occurring in the rumen are numerous; some approach the quantification of total or partial processes of ruminal digestion and others are complex models of simulation which regard rumen in a global way. At present, two sorts of interest are realized which demand the evaluation of digestibility of a forage plant. The former is the need to compare different forage plants, by taking into account that the most digestible will show better economical/productive return by the animals which consume it, and the latter is the formulation of mechanistic models which express progressively and truly the dynamic phenomenon of digestion considering the circumstantial factors inherent to feeds such as composition, amount, feeding frequency and son on.
The option for one of the above-reported interest will make the choice of the mathematical model to be chased easy. The first interest recorded utilizes dynamic models as related with time of permanence of feed in the rumen and estimates its maximum degradation potential, characteristics which may be utilized for evaluation of the value of that feed. The second interest, generally, defines compartmental, mechanistic models in the sense of identifying biological compartments where feed undergoes sequentially modifications foreseen in the model.
According to Mertens (1993) the first evaluations of digestion processes, which depend on retention time, were qualitative and based upon the visual interpretation of digestion curves, these being of difficult description, since these curves showed non-linear behaviors. The author reports that Waldo was the first to suggest a conceptual innovation, which has suited as a basis for a new view of the mathematical models related with digestion kinetics, with which a real quantification of the fact was intended.
The model by Waldo et al. (1972) who reports the degradability technique for evaluation of rumen-incubated nutrients is given by the following equation:
( ) t R is the residue after incubation in the rumen in time 't'; ' D ' is the degradable fraction l (%); 'c' is the constant degradation rate; 't' incubation time in hours and I is the insoluble and non-degradable fraction.
It is known that for digestion to process, the microorganisms must penetrate the resistant barriers of the surface of particles of feeds to reach their preferred substrates and the extent to which microorganisms fix and penetrate these physical barriers is reflected in colonization time which characterizes the ruminal digestion of several feeds. Mertens and Loften (1980) suggested the inclusion of parameter L, 'lag time' or colonization time, for the estimates of the parameters of the first-order model of Waldo et al. (1972) for in situ degradability of NDF, DM and N, as indicated in the equation: The matter is summed up in how reliable the estimates obtained by the fit of degradation data of these models are, and what would be the real need to employ more complex models, with higher number of parameters and, hence, greater flexibility of fit to the data of nutrient degradability.
Methodology
The data for analysis were obtained in Reis (2000) , where grass Tifton 85 (Cynodon spp) was submitted to twelve cutting ages (30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330 and 360 days) , by making use of a randomized block design with three replicates, and at each age, degradation was evaluated in nine incubation times (0, 3, 6, 12, 24, 48, 72, 96 and 120 hours) . The potentially degradable residue of neutral detergent fiber (NDF) of grass was analyzed. The statistical analysis was done by considering a strip experiment, according to Gill (1987) , since the factor time, due to its nature, was given no randomization.
The statistical model was the following: The data were submitted to the analysis of regression by utilizing routines of the software Statistical Analysis System (SAS, 1991), using the non linear procedure of the method of Gauss-Newton (Neter, Wasserman and Kutner, 1985) to proceed the estimate of parameters 'D', 'I', 'c' e 'L', of the models of Waldo et al (1972) -M1 and Mertens and Loften (1980) -M2, considering a initial estimate and seeking to minimize the sum of squares of errors. In estimating the parameters, the iterative process was utilized till the improvement in the fit of data was negligible.
According to Souza (1998) , on the contrary of the linear model, determination of the estimate of the parameters may be problematic in the non-linear case. The success in the utilization of Gauss-Newton's algorithm is going to depend upon the appropriate choice of the response function and upon good initial values. Although, there are some general orientations to the determination of initial values, the choice procedure is a procedure decided by the researcher. A number of alternatives for determination of those values are presented in Draper and Smith (1998) and Gallant (1987) .
In fitting the model by means of the NLIN procedure of SAS, the asymptotic estimate of the variance and covariance matrix of the estimates of the parameters was obtained, according to Souza (1998) , considering a strip experiment. The matrix terms are expressed by:
The main diagonal of the covariances matrix furnishes the expressions of variances adequate to the calculation of the asymptotic confidence intervals:
With the goal of evaluating the goodness of the models were considered the fitted determination coefficients, F test for 'lack of fit' presented by Hoffmann and Vieira (1998) ; and of the asymptotic confidence intervals for the estimates of the parameters for the two models, at each cutting age. 
Results and discussion
The cutting age of the grass influenced the NDF degradation of Tifton 85 (P< 0.01) and the results of the analysis of variance are presented in Table 1 . The significant interaction (P< 0.01) shows that the cutting ages of the grass differ relative to the incubation times, and thus, it was opted by its unfolding, doing the fit of models M1 (Table2) and M2 (Table 3) for each cutting age.
The results presented in tables 2 and 3 show that F test for the regression deviation was not significant (P> 0.05) at all cutting ages, both for the model of Waldo et al. (M1) and for the model of Mertens and Loften (M2), showing that both are appropriate in reporting neutral detergent fiber degradation of grass Tifton 85 and that the medium squares of the regression deviations estimate the respective residual variances.
In Tables 2 and 3 are also presented the results of the determination coefficients fitted to the models of Waldo et al. (M1) and Mertens and Loften (M2) respectively. The value of the determination coefficient depends upon the number of observations, tending to increase when the number of observations decreases. To overcome this drawback, Hoffmann and Vieira (1998) defined the determination coefficient fitted to this number of observations. Sampaio (1997) further reports that the great number of collections, although physiologically has a greater biologic meaning, interferes in the digestive process by the constant removal of the nylon bag out of the rumen. The results in tables 2 and 3, show that in fitting the model of Mertens and Loftens (M2) to the data, there was a decrease in the determination coefficients fitted to most of the cutting ages, excepting the cutting of the grass at 60 e 330 days old.
In Table 4 , the estimates of the parameters of the models of Waldo et al. (M1) The model of Mertens and Loften (M2) showed sensitivity in detecting time of particle colonization (lag time) only at the cutting ages of 240 and 330 days, these estimates being of 1.02 and 1.15 hours, respectively.
According to Feitosa (1999) this lack of sensitivity of the model in the detection of lag time was also observed by Vieira (1995) standing out the need for elucidation as to the correct use of this parameter. According to Sampaio (1997) only the period comprised between lag time and a reasonably long incubation time should be submitted to modeling and that this interval would be from 6 to 96 hours for forage plants and from 4 to 64 hours for concentrates or most rapidly degrading industrial residues. Sampaio (1997) concluded also that considering this restrict period where degradation is taking place on the incubated material, the model to be defined, generally non-linear, should contain the least possible number of parameters. 
Conclusions
The indicators of quality, although have shown a good fit of the models of Waldo et al. (1972) and Mertens and Loften (1980) , to the data of the experiment, a decrease in the determination coefficient of the variance of the estimate of the parameters was found in fitting the model of Mertens and Loften (1980) in most of cutting ages.
The model of Mertens and Loften (1980) showed no sensitivity in the detection of colonization time (lag time) for most cutting ages studied and when it was estimated, it proved inferior to that found in the literature, stressing the need for elucidation concerning the correct use of this parameter. 
